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Stroke Epidemiology 

• ~750,000 Ischemic Strokes Annually in US 

• 1 out 15 deaths in U.S due to Stroke 

• Leading Cause of Long-term Disability 

• Annual Cost is $58 billion/year 

• 63 listed stroke fellowships 

 

 



Treatments for Acute Ischemic Stroke 

• Intravenous tPA is the only approved therapy 

• Extremely Time Sensitive Treatment 

• Relatively significant risk of bleeding 

• Strict administration criteria 



The problems in treating acute stroke 
patients 

• Lack of Organized infrastructure 
– Expeditious CT  

– Neurosurgical Backup 

– Acute Stroke Pathways 

• Difficult 24/7 coverage by neurologist willing 
to treat hyperacute stroke patients 

• ER Physicians reluctant to take on burden of 
treating patients with medication with ICH 
rate of 6.4% 

 



Colorado 



Colorado tPA Use in Ischemic Stroke* 

 

Year N tPA 

Ischemic Strokes 

Treated with tPA 

 

 

1999 7739 87 1.12% 

 

 

2000 7835 89 1.14% 

 

 

2001 8144 89 1.10% 

* Ischemic Stroke = ICD9 433-438, 997.02; tPA = ICD9 Proc Code 99.10 



Telemedicine as Solution for Acute Stroke 
Treatment  

• 24/7 Acute Stroke Coverage by Stroke-trained 
Neurologist 

– Increased comfort level of treating patients with 
rt-PA 

• Remote physician can examine and treat 
patient independantly 

– Triage much quicker 



Does Telemedicine Increase Acute 
Treatment of Stroke? 

• REACH Trial 

– 194 consults in rural Georgia  

– 16% treated with rt-PA 

– Mean Onset to Treatment: 122 minutes 



REACH TRIAL 



REACH TRIAL 



Which is better for  
decision making  

in acute stroke consultations? 
 

Telemedicine Telephone 



The Evidence 

Lancet Neurology August 2008 



STRokE DOC Trial 

• Objective – to assess whether telemedicine or telephone was 
superior for decision making in acute stroke consultations 
 

• Study Design – Randomized Controlled Trial 
 

• Setting – 4 remote hospitals linked to an academic hub 
 

• Patients – 222 acute stroke patients presenting to remote 
hospitals were randomized to telemedicine or telephone 
stroke consults with hub stroke neurologists 



Telephone Arm 

• Hub consultant queried 
spoke practitioner of  

–History  

–Physical exam 

–Labs 

–Radiologist report of CT 

–Directed local 
practitioner in NIHSS 
exam 

• Head CT images NOT 
available 



Telemedicine Arm 

• Hub Consultant turned 
on camera  took 
history & conducted 
NIHSS 

 

• Other exam findings 
done by or reported to 
the consultant 

 

• Head CT images 
available 



tPA or no tPA 

Did the Hub 
consultant 
make the 
correct 

decision? 



Results – determining tPA eligibility 

Telemedicine n 
= 110 

Telephone 
n = 111 

 

O.R. p 

Overall 
correct 

decision 
Level 2b 
(SDAC) 

 
108  

 

(98%) 

 
91  

 

(82%) 

 
10.9 (2.7-

44.6) 

 
0.0009 

 (0.0001) 

Correct treatment decisions made more often in 
telemedicine group than telephone-only group 



Practical Interpretation of Data 

 
• When neurologists decide that patients are thrombolytic 

candidates by telephone, they are largely correct 
– The telephone capable of screening out mimics 

• When neurologists decide that patients are not thrombolytic 
candidates by telephone, they make many errors  
– The telephone-only results in under-treating of eligible 

candidates and telemedicine does much better 
• ‘minor deficit, rapid improvement’ issue is better 

evaluated with camera  



CO-DOC Review 

• Goal: To Provide Stroke Center Level Care for 
Acute Stroke Patients in Rural and 
Underserved Areas 

• 1st Consult Performed May 30th, 2006 

• Site Expansion in Rural and “Underserved 
Sites” ongoing! 

 



CO-DOC Telemedicine 

Neurologist 

Participating Hospital 



CNI Telemedicine Project 
 

• Colorado State Grant Approved for 5 Sites 

• Identify High stroke incidence areas of 
Colorado 

– Little to no Acute Stroke Coverage 

• Geographical Distribution of the State 

• Areas of Population Growth 

– Potential At-Risk Stroke Patients 



Stroke Death Rates, 1991–1998 



CO-DOC Telemedicine Sites 

• Springfield 

• Yuma 

• Trinidad 

• Gunnison 

• Leadville 

• Rangeley 

 

• Thornton 
• Vail 
• Greeley (2) 
• Durango 
• Aspen 
• Lutheran Medical Center 

(2) 
• Mckee Medical Center 

(2) 
• Longmont United 

Hospital 
• Good Samaritan Hospital 

(2) 
 



Colorado 



Telemedicine Hub Location Telemedicine Host Hospitals Telemedicine Sites in Progress 

CO-DOC in Denver Metropolitan Area 



System : (All)     Service Line: STROKE     ZIP Region: (All)     Age Group: (All)     Payor: (All) 
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% Mkt Share 2007 15.9% 11.0% 9.1% 7.5% 7.8% 6.2% 6.4% 5.4% 1.7% 5.4% 3.2% 2.6% 3.3% 2.2% 3.6% 1.4% 2.0% 2.0% 1.4% 1.0% 0.6% 

% Mkt Share 2008 21.0% 10.8% 9.4% 5.9% 6.7% 6.4% 4.4% 4.7% 6.0% 3.0% 2.5% 2.2% 2.9% 3.9% 2.0% 1.7% 2.2% 1.3% 1.3% 1.2% 0.5% 

% Mkt Share 2009 19.9% 10.2% 8.7% 8.1% 6.2% 4.5% 4.6% 5.0% 5.4% 4.1% 4.9% 4.3% 2.8% 2.2% 2.0% 2.4% 1.2% 0.8% 0.9% 0.5% 1.4% 

Cases 2007 110 76 63 52 54 43 44 37 12 37 22 18 23 15 25 10 14 14 10 7 4 

Cases 2008 161 83 72 45 51 49 34 36 46 23 19 17 22 30 15 13 17 10 10 9 4 

Cases 2009 152 78 66 62 47 34 35 38 41 31 37 33 21 17 15 18 9 6 7 4 11 

% Chng Cases 07-08 46.4% 9.2% 14.3% -13.5% -5.6% 14.0% -22.7% -2.7% 283.3% -37.8% -13.6% -5.6% -4.3% 100.0% -40.0% 30.0% 21.4% -28.6% 0.0% 28.6% 0.0% 

% Chng Cases 08-09 -5.6% -6.0% -8.3% 37.8% -7.8% -30.6% 2.9% 5.6% -10.9% 34.8% 94.7% 94.1% -4.5% -43.3% 0.0% 38.5% -47.1% -40.0% -30.0% -55.6% 175.0% 
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Ischemic Strokes 

0 

20 

40 

60 

80 

100 

120 

140 

160 

0
6

_
Q

1
* 

0
6

_
Q

2
 

0
6

_
Q

3
 

0
6

_
Q

4
 

0
7

_
Q

1
 

0
7

_
Q

2
 

0
7

_
Q

3
 

0
7

_
Q

4
 

0
8

_
Q

1
 

0
8

_
Q

2
 

0
8

_
Q

3
 

0
8

_
Q

4
 

0
9
_

Q
1

 

0
9

_
Q

2
 

0
9
_

Q
3

 

0
9

_
Q

4
 

1
0
_

Q
1

 

*Incomplete Quarters 



Stroke Alerts 
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*Incomplete Quarter Includes stroke alerts called by EMS, ED, Transfer, Inpt 



Transfers 

0 

20 

40 

60 

80 

100 

120 

140 

0
6

_
Q

1
* 

0
6

_
Q

2
 

0
6

_
Q

3
 

0
6

_
Q

4
 

0
7

_
Q

1
 

0
7

_
Q

2
 

0
7

_
Q

3
 

0
7

_
Q

4
 

0
8

_
Q

1
 

0
8

_
Q

2
 

0
8

_
Q

3
 

0
8

_
Q

4
 

0
9
_

Q
1

 

0
9

_
Q

2
 

0
9
_

Q
3

 

0
9

_
Q

4
 

1
0
_

Q
1

 

*Incomplete Quarters 



Top 10 Stroke Transfer Facilities 

2010 
 

• North Sub                18  
• SWER                         14  
• Vail                             10  
• Lutheran              6  
• Memorial            6  
• Durango     6  
• Greeley                    6  
• Sterling                  5  
• McKee                       4  
• Aurora-South          4  

2009 
 

• North Sub  54 
• SWER  26 
• Durango  23 
• Memorial  19 
• Vail   17 
• Salida  14 
• St. Joes  9 
• Rose  8 
• 10 tie for  7 

Green = Telemedicine Sites 



Acute Stroke Treatments 
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Stroke Golden Hour Stats 
SWEDISH 2010 SWEDISH 2009 COLORADO 2009 

Ave Door to tPA time 47 min 49 min 80 min 

Ave Door to CT time 18 min 15 min 84 min* 

Ave Door to 
Neurologist time 

5 min 6 min 510 min** 

% Eligible for tPA 
Treated 

100% 100% 71.3 % 

% Treated in < 60 
minutes 
 

87% 86% 35.5% 

% Total treated with IV 
t-PA 

27% 14% 6% 

% Total treated with 
any acute intervention 

34% 20% 7.6% 

sICH Rate 6.0% 3.2% 5.3% 

*Stroke pts who arrive < 3 hrs   **Stroke Team Arrival 



Treated with TPA? 

No, 241, 80%

Yes, 59, 20%



Transferred? 

No, 168, 57%

Yes, 132, 43%



Future of Telemedicine 

• Extended Coverage throughout state 

– Continue to Expand Rural Access 

– Expand Outside Hospital System Networks  

– Major Population Areas 

• Lots of neurologists, not many willing and able to cover 
for Acute Stroke Issues 

• Expand Coverage Networks into Surrounding 
Regions 



Recommendations for Comprehensive Stroke Centers. Stroke. 2005;36:1597-1618 

“Within such a network or system, one approach to acute stroke care might be to designate 
some hospitals as PSCs and others as CSCs (Figure). This approach would allow for patients, 
equipment, and expertise to be concentrated at specific hospitals rather than spread 
throughout the entire network. This is quite similar to the paradigm used for other complex 
diseases that require a multidisciplinary team approach such as trauma, cancer, severe burns, 
and organ transplantation.” 



Colorado 



Cost Savings with tPA 





0

500000

1000000

1500000

2000000

2500000

3000000

3500000

4000000

2% 4% 6% 8% 10% 15% 20%

Cost Savings with tPA

Colorado

Cost Savings with tPA

Aggregate



Issues with Telemedicine and Widespread 
Acceptance 

• Physician Liability 
– Who is Liable 

– Which state? 

• Credentialing:  
– Intra and Interstate 

• Standards of Care 

• Financial Reimbursement 
– Medicare/Medicaid 

– Retainer model? 

• Common Technology Standards 



CO-DOC/Mastercard 

• Total Cameras Covered: 19 

• Number of Beds Covered on call: 2132 

• Number of Neurologists on call: 1 

• Telemedicine calls: 1.3 

• Total Miles Traveled: 0 

• Being able to do consults in shorts and a T-
shirt: Priceless 



The 
Limit?? 


